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Abstract
In the present work, change in the direction of the polarization vector of an incom-
ing light ray is extensively calculated for a rotating observer. The change in the
direction of the polarization vector calculated here is only due to the effect of the
non-inertial rotating frame, considering that the light source is at a distance and
it is emitting a plane polarized light. The metric tensors for a rotating observer
have been collected from existing literature. Accordingly electric displacement
and magnetic induction values as applicable for the rotating observer have been
calculated. These values are used to calculate the change in the orientation of the
electric vector of an incoming plane polarized light ray. Earth has been taken as
an example of rotating frame, and the calculated amount of change in the direc-
tion of the polarization vector has been found to be dependent on the azimuthal
as well as polar co-ordinate of the rotating frame. Present work also discusses the
redshift as observed by a rotating observer and the value of the redshift has been
calculated for an observer sitting on rotating earth.
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I. INTRODUCTION
Light is an electromagnetic wave, and it moves along the curvature of the space-time structure.
From this very concept, it is a well-known fact that light shows a unique property, known as the
gravitational deflection. Following this idea, it is obvious that the light ray will be deflected, when
it passes through a gravitational field, commonly known as gravitational deflection. The gravita-
tional deflection of the light ray gives undeniable proof of the General Theory of Relativity. Since
the establishment of the General Theory of Relativity, many authors (Balazs, 1958; Dyson, 1921;
Eddington, 1919; Roy and Sen, 2015; Sen, 2010; Sereno, 2004; Vilenkin, 1984; Von Klu¨ber, 1960)
have carried out investigations for the proper understanding of the gravitational deflection and the
associated polarization phenomena. As gravitational deflection is a well-established phenomenon,
it gives an opportunity to study the polarization state of the light ray which passes through such
space-time. Some authors have found in the past (Balazs, 1958; Su and Mallett, 1980) that when
a light ray passes through gravitational field having axial symmetry, then its polarization vector
is rotated by the gravitational field, quite analogous to the phenomenon which is called Faraday
Rotation by the magnetic field. More recently (Ghosh and Sen, 2016) investigated the change in
the direction of polarization vector in the case of both Schwarzschild and Kerr field. They showed
that although the Schwarzschild field does not affect the state of polarization of light, but Kerr
field produces a change in the direction of the polarization vector of the electromagnetic wave or
light ray. Though there are reported works on the change in the direction of the polarization vector
by the space-time geometry introduced by gravitational mass, there is not much investigation con-
ducted in case of accelerated systems. Thus a natural question lies here, whether the space-time
transformation generated by an accelerated observer has any effect on the polarization state of the
light ray or not? Here in the present work, the space-time transformation generated by a rotating
frame is the subject of investigation.
In a discuss ion on the accelerated system, (Mashhoon, 1990) raised the question about the
law which specifies the measurement by an accelerated observer and focused on the hypothesis
of locality which is described as “The presumed equivalence of an accelerated observer with a
momentarily co-moving inertial observer-underlies the standard relativistic formalism by relating
the measurements of an accelerated observer to those of an inertial observer”. (Mashhoon, 1990)
discussed briefly, the significance and the limitations of the hypothesis of locality in his work. To
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understand the motion under the influence of accelerated frame one must consider the hyperbolic
motion in space-time, which had been elaborately discussed by (Rindler, 1960). He was the first
person who studied relativistic motion under an accelerated system and later Born coined it as
hyperbolic motion. (Rindler, 1960) had obtained the differential equation of motion for a particle
in uniform accelerated frame generalising the geometric characteristics of a rectangular hyperbola
in Minkowskian space-time. It is termed as Hyperbolic motion from the fact that, as seen by
the inertial frame observer if we plot the distance against the time on a Minkowski diagram, it
describes a hyperbola.
In case of inertial frames, we can transform any four-vector by performing a multiplication op-
erating by a 4x4 Lorentz transformation matrix. The electric and magnetic field vectors are
components of a field tensor (F ik) of rank two. Thus by operating with Lorentz Matrix twice we
can transform electric and magnetic vectors between any two inertial frames(Landau and Lifshitz,
1971) [page no. 66].
However, when we have linear or rotational acceleration, we can not identify any Lorentz like
transformation Matrix to perform similar co-ordinate transformation. Let us consider two refer-
ence frames K′′(x′′0,x′′1,x′′2,x′′3) and K(x0,x1,x2,x3) representing accelerated (non-inertial) and
inertial frame respectively. Under such a situation the transformation relation can be given by
Equations (15a) and (15b) of Nelson (1987). Since this type of transformation relation can not be
replaced by a Lorentz like transformation, so it is more convenient to discuss the transformation of
electric and magnetic field vectors, using suitable metric tensors ’gik’(Castillo and Sa´nchez, 2006;
Nelson, 1987)
To find out the coordinate transformation relation for the linearly accelerated frame let us consider
a, as the proper linear acceleration of the observer, and it is accelerated parallel to the+x1 axis. In
General Relativity, proper acceleration is an acceleration measurable by an accelerometer rigidly
tied to a frame and does not occur by gravitation. We consider that an observer is accelerated
and its coordinate system is K˜(x˜0, x˜1, x˜2, x˜3). Then K(x0,x1,x2,x3) defines the coordinate frame
where the inertial source is situated.
Now for the constant acceleration, (a) the Rindler co-ordinate for the accelerated observer in in-
stantaneous inertial frame K˜ (as defined above) in terms of the co-ordinate of the inertial frame K
can be written as (Carroll, 2004; Castillo and Sa´nchez, 2006; Misner et al., 2017; Rindler, 2012;
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Stephani, 2004);
x0 = ( c
2
a
+ x˜1)sinh(ax˜
0
c2
)
x1 = ( c
2
a
+ x˜1)cosh( x˜
0
c2
).
(1)
This is the most general form of Rindler coordinates for a uniform accelerated observer. (Nelson,
1987) also derived the transformation equation for a non-rotational uniform linear accelerated
frame. He also derived the equation for the motion by the time-dependent, non-gravitational ac-
celeration. Later (Nelson, 1987) extensively worked on the transformation relation between the
rest frame and the accelerated frame considering both linear acceleration and rotational acceler-
ation. Later his work had shown that the relation satisfies the familiar Rindler metric also. A
similar transformation relation can be obtained from work by (Alsing and Milonni, 2004). In
their work (Alsing and Milonni, 2004) briefly discussed Hawking-Unruh radiation temperature
for an accelerated frame. Also from their work, the transformation relation for the uniform ac-
celerated frame can be derived as in Eqn.1. Recently the authors (Scarr and Friedman, 2016) had
obtained the velocity as well as coordinate transformation relation for a uniformly accelerated
frame. In one of their previous work, they (Friedman and Scarr, 2013) had discussed the four-
dimensional covariant relativistic equation and discussed the concept of a maximal acceleration.
(Castillo and Sa´nchez, 2006) studied the uniformly accelerated motion, and estimated the red-shift
of an electromagnetic wave.
(Mashhoon, 1990) showed that an observer rotating in a frame with radius r has transnational
acceleration rΩ2γ2, where γ is the Lorentz factor, and Ω is the rate of rotation of frame per unit
time (in other words angular velocity). Thus in continuation of the work by him, the rotating ob-
server can be considered as an accelerated system, and the metric for the system has been given
by (Mashhoon, 1990);
g00 = γ
2[1− Ω2
c2
(r+ x1)2− Ω2γ2
c2
(x2)2]
g0α =−[Ωγ
2
c
×~X ]
gαβ =−δαβ .
(2)
As per (Mashhoon, 1990), the rotating observer can be characterised by proper acceleration length
c
γΩ , where the above X = (x
1,x2,x3) vector.
(Adams, 1925) first confirmed gravitational redshift from the measurement of the apparent radial
velocity of Sirius B, since then many observations were made to measure the gravitational red-
shift (Freden and White, 1959; Snider, 1972). More recently, (Krisher et al., 1993) measured the
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gravitational redshift of the sun in the year 1993. Recently (Dubey and Sen, 2015) gave the an-
alytic result for the gravitational redshift observed from a rotating body and as observed by an
asymptotic observer. The authors also calculated the numerical value of redshift of some rotating
heavenly bodies. In section IV, of the present work the redshift, Z as observed by an rotating
observer for light coming from an inertial frame has been calculated analytically along with their
numerical values and for that matter the observer was considered on the surface of the earth.
II. DISCUSSION ON ROTATING OBSERVER
Now let us consider the observer is sitting on a rotating frame, which has the rate of rotation
Ω. According to (Mashhoon, 1990) the distinction between accelerated observer in Minkowskian
space-time and co-moving inertial observer is the presence of acceleration scales associated with
non-inertial observer. In this paper, the rotation is considered around with the x3 or z-axis. The
light source is situated in a space where frame-dragging and other gravitational effect of rotating
frame (body) is negligible. Further the light ray is coming along x1 or x-axis of the Cartesian
system. From Eqn.2 the metric elements for the rotating frames can be derived, and these have
been given by (Mashhoon, 1990);
g00 = γ
2[1− Ω2
c2
(r+ x1)2− Ω2γ2
c2
(x2)2]
g01 =
γ2Ω
c
(x2)
g02 =− γ
2Ω
c
(x1)
g03 = 0
gαβ =−δαβ .
(3)
As the components of Ω lies only along x3 or z-axis exists, the other components of Ω don’t exist
(i.e. Ωx = Ωy = 0 and Ωz = Ω). Again, if the rate of rotation Ω becomes zero then from the
Eqn.3, the metric elements are given as g00 = 1,g0α = 0,gαβ = −δαβ , which are the metric for
flat space-time.
A. Change in polarization vector for a general case
In order to calculate the amount by which the polarization vector of the light ray will be changed
(rotated), we consider the light ray from the source to be plane polarized (as was done in our earlier
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work (Ghosh and Sen, 2016)). To determine the position angle of the polarization vector of light
ray received by the observer from the distant source, one has to consider the initial components of
the polarization vector of the light ray Ey and Ez along the direction of x
2 and x3-axis respectively,
where one should recall the fact that light ray has been travelling along x1-axis. Let us assume that
the magnitude ratio between Ey and Ez is ξ , in other words Ey = ξ Ez (Ghosh and Sen, 2016). So
the initial position angle of the polarization vector χsource is given by;
χsource = arctan(
Ey
Ez
) = arctanξ (4)
Now the position angle of the polarization vector as will be measured by the observer in the
rotating frame will be (Ghosh and Sen, 2016):
χobserver = arctan(
Dy
Dz
) (5)
Where Dy and Dz are the electric displacement component along the x
2 and x3-axis respectively.
To find out the value of χobserver one must find out the relationship between electric displacement
vector ~D and electric vector ~E. The relation between electric displacement vector and the electric
vector has been given by (Landau and Lifshitz, 1971):
~D =
~E√
g00
+ ~H ×~g (6)
Where ~H is the magnetic induction of the light ray received. Now from the Eqn.6 the components
Dy and Dz are deduced as(Landau and Lifshitz, 1971), (Ghosh and Sen, 2016):
Dy =
Ey√
g00
+Hzg01
Dz =
Ez√
g00
−Hyg01
(7)
The different components of the magnetic field of the incoming light ray can be written in terms
of the electric field using the relation Hz = |~Hz| = |nˆ× ~Ey| (Landau and Lifshitz, 1971) [page no.
112], where nˆ is the unit propagation vector parallel to the propagation of light ray (eg. parallel
to x-axis). Now taking the note that Ey = ξ Ez and considering only the magnitude of ~H, we can
write from Eqn.7:
Dy = Ez
ξ√
g00
+ξ g01
Dz = Ez
1√
g00
−g01
(8)
So from Eqn. 5 with the help from Eqn. 8 it can be written as (Ghosh and Sen, 2016):
χobserver = arctan(ξ
1+
√
g00g01
1−√g00g01 ) (9)
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So the total change in the direction of polarization vector of received light ray (say χ) can be
calculated from Eqn.9 and Eqn.4, as:
χ = χobserver −χsource
= arctan(ξ
1+(
√
g00)g01
1− (√g00)g01 )− arctanξ
= arctan
(
2ξ (
√
g00)g01
1+ξ 2+ξ 2(
√
g00)g01− (√g00)g01
)
(10)
It is clear from Eqn.10 that the total change in the direction of polarization vector of light ray
depends on the initial position angle of the polarization vector of the light ray emitted from a
source. Thus Eqn. 10 gives the change in the direction of polarization vector of light ray received
by a rotating observer (i.e non-inertial frame).
Now, for the simplicity of the problem let us consider, Ey = Ez, (which indicates the polarization
vector is held at an angle 45◦ with respect to the rotation axis). Then the change in the direction
of polarization vector can be given as:
χ = arctan (
√
g00g01) (11)
B. Change in the direction of polarization vector as seen from rotating frame
To determine the total change in the direction of polarization vector by a rotating observer, one
should recall the metric given in Eqn.3. From subsection II.A, Eqn. 11, it is clear that only the
metric components g00, and g01 given in Eqn.3, are necessary to determine the total change in
the direction of polarization vector as observed by an observer, who is placed on an accelerated
non-inertial frame. Now in Eqn. 3 the Lorentz factor γ has been introduced by(Mashhoon, 1990);
γ =
1√
1− (Ωr
c
)2
(12)
Let us assume that the observer is situated at the azimuthal position φ and polar position θ on the
surface of a rotating frame of radius r, so the Cartesian y co-ordinate of the observer is given by
(x2) = r sin(θ)sin(φ) and x co-ordinate is given by (x1) = r sin(θ)cos(φ). Now with the help of
Eqn.3, Eqn. 11 and Eqn. 12 the total change in the direction of polarization vector for a rotating
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observer can be written as;
χ = arctan(
√
g00g01)
= arctan
[√(
γ2[1− Ω
2
c2
(r+ x1)2− Ω
2γ2
c2
(x2)2]
)(
γ2Ω
c
(x2)
)]
= arctan


√√√√( 1
1− (Ωr
c
)2
[1− Ω
2
c2
(r+ r sinθ cosφ)2− Ω
2γ2
c2
(r sinθ sinφ)2]
)(
1
1− (Ωr
c
)2
Ωr sinθ sinφ
c
)
= arctan
[√
c2
c2− (Ωr)2
{
[1− Ω
2
c2
(r+ r sinθ cosφ)2− (cΩr)
2
c2− (Ωr)2 sin
2 θ sin2 φ
}(
cΩr sinθ sinφ
c2− (Ωr)2
)]
(13)
Eqn. 13 gives the total change in the direction of polarization vector of light ray as observed by a
rotating observer situated on the surface of a frame of radius r, with azimuthal position φ and polar
position θ having rate of rotation Ω. These co-ordinate φ and θ can be identified as longitude and
( 90◦ - latitude).
1. Case 1: For θ = 0, polar position of observer
Now, consider a case when the polar position of the observer is given by θ = 0 (observer is
sitting on the north pole of rotating frame), and with the help of Eqn. 13 it is clear that there is no
change in the direction of polarization vector of light ray received by a rotating observer. Putting
θ = 0 the g01 component in Eqn. 13 becomes zero which in turn makes χ = 0 (i.e. there is no
change in the direction of polarization vector). In case of earth the pole is represented by 90o
latitude, where θ = 0 and the relation between earth latitude (say Θ) is Θ = (90o −θ). So from
above discussion, it is clear that there would be no change in the direction of polarization vector if
the light ray is observed from any of the two poles of the earth.
2. Case 2: For θ = pi
2
equatorial position of observer
In this case, let us consider the polar position of the rotating observer is given by θ = pi
2
, then
with the help of Eqn. 13 the total rotation of the polarization vector can be written as;
χθ= pi2
= arctan
[√{
c2
c2− (Ωr)2
(
1− r
2Ω2
c2
(1+ cosφ)2− (cΩr)
2
c2− (Ωr)2 sin
2 φ
)}(
cΩr sinφ
c2− (Ωr)2
)]
(14)
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Now from Eqn.14 one can observe that, χθ= pi2
(observer on the equator) depends on the azimuthal
position (φ , equivalent to earth’s longitude) of the observer. In case φ = 0 there will be no change
in the position of polarization vector (as sin0 = 0) and the rotation is maximum when φ = pi
2
or
−pi
2
. So the maximum change in the direction of polarization vector could be observed when the
rotating observer is at azimuthal position φ = pi
2
or −pi
2
and polar position θ = pi
2
. Now for the
position φ = pi
2
the value of χ is +ve and for φ = −pi
2
χ is -ve. These two positions represent the
prograde and retrograde cases respectively. The numerical value of χ in both cases are same, but
they are opposite in sign (i.e. χθ=φ= pi2
=−χθ= pi2 ,φ=− pi2 ). So the maximum change in the direction
of polarization vector is given by;
χθ=φ= pi2 = arctan
[√{
c2
c2− (Ωr)2
(
1− Ω
2
c2
(r)2− (cΩr)
2
c2− (Ωr)2
)}(
cΩr
c2− (Ωr)2
)]
(15)
The rate of rotation of earth, Ωearth is 7.27×10−5 rad/sec and the average radius of earth is rearth
is 63.78× 105 m. On the equatorial plane the latitude of the earth is 0 and, for the azimuthal
position, φ = pi
2
the longitude is given by 90◦. From Eqn. 15 the total change in the direction of
polarization vector of light ray, received by an observer on the equatorial position can be calculated
as χearth,θ=φ= pi2 = 0.33 arcsec. Similarly the total change in the direction of polarization vector
at longitude 90◦ west is, χearth,θ= pi2 ,φ=− pi2 = −0.33 arcsec. Now, let us consider an extreme case
where Ωr ≃ c, the velocity of the light ray. In that case, Lorentz factor γ becomes undefined, so
the metric elements g00, g01 and g02 also become undefined, as can be seen from Eqn.3. Thus the
value of χ cannot be calculated.
The total change in the direction of polarization vector, χ as observed by a rotating observer at
equator of earth versus the azimuthal position (φ ) of the observer is shown in Fig.1. Again, in the
case when φ = pi
2
and the total change in the direction of polarization vector, χ as a function of the
polar position of the observer has been shown in the Fig. 2.
From both the figures Fig.1 and Fig.2 one can observe that χ varies in a similar fashion for both the
azimuthal and the polar position. It attains a maximum value when θ = φ = pi
2
, as mentioned be-
fore. This value of rotation which is about 0.33 arc sec, can be measured with a good polarimeter.
In principle, by sitting on earth and by making successive measurements at dawn, mid-noon and
dusk, we can verify our calculations. The variation of total change in the direction of polarization
vector, against azimuthal position (φ) and polar position (θ) is shown, taking earth as an example
of rotating frame in Table 1
9
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FIG. 1 Variation of total change in the direction of polarization vector, χ (in arcsec) at the equator (θ = pi
2
)
vs the azimuthal position, φ (in degree)
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FIG. 2 Variation of total change in the direction of polarization vector, χ (in arcsec) versus the polar
position, θ (in degree), where φ is kept constant at pi
2
.
C. A different case: When the rotation axis of the observer is along the direction of propagation
of light
Now, consider a case when the light is coming parallel to the rotation axis of the observer’s
the rotational frame. In this case, the only component of the rotational vector (of the frame) exists
along x1-axis. To calculate the change in the direction of polarization vector χ , the values of g00
and g01 have to be calculated, from Eqn.11. The value of g01 can be calculated from Eqn.3 which
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TABLE I change in the direction of polarization vector χ , in arcsec
θ
φ
0 15 30 45 60 75 90
0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
15 0.0000 0.0222 0.0428 0.0606 0.0742 0.0827 0.0856
30 0.0000 0.0428 0.0827 0.1170 0.1433 0.1598 0.1655
45 0.0000 0.0606 0.1170 0.1655 0.2027 0.2260 0.2340
60 0.0000 0.0742 0.1433 0.0202 0.2482 0.2768 0.2866
75 0.0000 0.0827 0.1598 0.2260 0.2768 0.3088 0.3197
90 0.0000 0.0856 0.1655 0.2340 0.2866 0.3197 0.3309
is,
g01 =
r2Ω2
c2
· (0) = 0 (16)
So, from Eqn.11 it is clear that there will be no change in the direction of polarization vector if the
light ray is coming parallel to the rotation axis of the frame and we will get, χ = 0.
III. DISCUSSION ON OBSERVER WHO IS SITTING ON AN UNIFORM RECTILINEAR AC-
CELERATED FRAME
Now, suppose that the observer’s frame is moving with a uniform rectilinear acceleration along
the positive x1 direction and situated at K′(x0′,x1′,x2′,x3′,) frame. Then there will be no rotation.
Light ray is emitted from a inertial frame given by frame K(x0,x1,x2,x3). In this case the the
transformation equation will be given by (Rindler, 1960), in the present Eqn.1. From this equation
1 we can write the line element as:
ds2 = (1+
ax1′
c2
)dx0′− (dx1′)2− (dx2′)2− (dx3′)2 (17)
From Eqn.17 it is clear that the metric element g01 is zero, hence with the help of Eqn.6 one can
obtain the displacement vector ~D =
~E√
g00
. Now the two components of displacement vector along
x2′ and x3′ directions are given as:
D′y =
Ey√
g00
D′z =
Ez√
g00
(18)
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Here D′y and D′z are the displacement vector received by the observer situated on K′ frame. So the
position angle of the polarization vector of the received ray would be :
χ ′observer = arctan(
D′y
D′z
) = arctan(
Ey
Ez
) = χsource (19)
where χ ′observer is the position angle of the polarization vector as observed by the receiver and
χsource is the position angle of the polarization vector of emitted light ray. χsource is given in the
earlier as arctan(
Ey
Ez
). It is clear from Eqn.(18) that there will be no change in the direction of
polarization vector for this case.
IV. REDSHIFT CAUSED BY THE ROTATING FRAME
To calculate the redshift when the light is emitted by a distant inertial source and observed by
a rotational ( non-inertial) observer, the four-velocity of the observer has to be determined, and it
is obtained as (Landau and Lifshitz, 1971, page no. 23):
ui =
dxi
ds
(20)
From Eqn. 3 the line element for the rotational observer can be written as:
ds =
√
g00(dx0)2+g01dx0dx1+g02dx0dx2+δαβ gαβ dx
αdxβ (21)
The values of g00, g0x, or g01 and gxx or g11 etc. have been calculated earlier Eqn.3, for the co-
ordinate system (x0,x1,x2,x3) = (ct,x,y,z). Now for our convenience in the present geometry, we
can rewrite the metric tensors values in terms of (ct,r,θ ,φ), which are as follows :
g00 =
(
1
1−(Ωr
c
)2
[1− Ω2
c2
(r+ r sinθ cosφ)2− Ω2γ2
c2
(r sinθ sinφ)2]
)
g01 =
(
1
1−(Ωr
c
)2
Ωr sinθ sinφ
c
)
g02 =−
(
1
1−(Ωr
c
)2
Ωr sinθ cosφ
c
)
g03 = 0
gαβ =−δαβ .
(22)
Thus we may write:
ds2 =
(
1
1− (Ωr
c
)2
[1− Ω
2
c2
(r+ r sinθ cosφ)2− Ω
2γ2
c2
(r sinθ sinφ)2]
)
(cdt)2
−
(
Ωr sinθ sinφ
1− (Ωr
c
)2
1
c
)
r sinθ sinφdφdt +
(
Ωr sinθ cosφ
1− (Ωr
c
)2
1
c
)
r sinθ cosφdφdt (23)
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For any calculation of redshift introduced by space-time, we must begin with the invariant.
[kiu
i]source = [kiu
i]observer (24)
Now, the components of four velocity can be written as:
u0 = dx
0
ds
= cdt
ds
u1 = dx
1
ds
u2 = dx
2
ds
u3 = dx
3
ds
(25)
Now let Γ be any arbitrary quantity which describes the wave field. For a plane monochromatic
wave Γ can be written as(Landau and Lifshitz, 1971) [page no. 140]:
Γ = aej(kix
i)+α (26)
Where j=
√−1, ki is wave four vector. One can write the expression for the field as, Γ = aejΨ. Ψ
is the eikonal. Over small region of space and time intervals, the eikonal, Ψ can be expanded in
series to terms of the first order and it is written as:
Ψ = Ψ0+ r
∂Ψ
∂ r
+ t
∂Ψ
∂ t
(27)
From this, one can have(Landau and Lifshitz, 1971)
ki =−∂Ψ
∂xi
(28)
Again it can be shown that(Landau and Lifshitz, 1971),
kiki = 0 (29)
Eqn.29 is the fundamental equation of geometrical optics and called the eikonal equation. Using
Eqn.28 the components of the wave four-vector, ki are given as:
k0 =− ∂Ψ∂x0 =−∂Ψ∂ct = ν
′
c
k1 =−∂Ψ∂xr
k2 =− ∂Ψ∂xθ
k3 =− ∂Ψ∂xφ
(30)
ν is the frequency measured in terms of proper time, τ0 and is defined as(Landau and Lifshitz,
1971)[page no. 268] ν =− ∂Ψ∂τ0 . Now, one must note that frequency ν expressed in terms of proper
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time τ0, is different at different point of space. ν
′ is the frequency as measured by the rotating
observer. In the present case of interest where the light ray is coming from distance inertial frame
and observed by rotating ( non-inertial) observer situated at the surface of radius of rotating frame,
we can write from the Eqn.29 (please also see (Dubey and Sen, 2015)):
[kiu
i]source = [k0u0
(
1+
kφ
k0
uφ
u0
)
]source (31)
and
[kiu
i]observer = [k0u0
(
1+
kφ
k0
uφ
u0
)
]observer (32)
Now for the distance source u0source = 1 and u
φ
source = 0, therefore
[
k0u
0
]
source
=
[
k0u
0
(
1+
kφ
k0
uφ
u0
)]
observer
(33)
Now, for the observer
dφ
dt
= Ω, ( rotational velocity of observer’s frame) [u0]observer is given
by,(from Eqn.25)
[u0]observer =
1√
[1− Ω2r2
c2
(1+ sinθ cosφ)− Ω2r2
c2
sinθ sinφ ]+2Ω
2r2
c2
sin2θ
(34)
Noting that
u
φ
observer
u0
observer
= Ω
c
from Eqn.33 we can have:
ν ′

 1+ kφk0 Ωc√
[1− Ω2r2
c2
(1+ sinθ cosφ)− Ω2r2
c2
sinθ sinφ ]+2Ω
2r2
c2
sin2 θ

= ν (35)
At the location of the observer the observed frequency is defined by ν ′. To calculate the redshift,
one must calculate the value of [
kφ
k0
]observer. For a rotating frame like earth, the relativistic action,
S for a particle can be expressed as(Dubey and Sen, 2015; Landau and Lifshitz, 1971), S =−Et +
Lφ + Sr + Sθ , where E is the conserved energy and L is the components of angular momentum
around the axis of symmetry. Now the four momentum is pi = − ∂S∂xi and for the propagation of
photon we can replace action S by the eikonal, Ψ . Finally, we can write
k0 =− ∂Ψ∂x0 = Ec
kφ =−∂Ψ∂φ =−L
(36)
Again, in case of photon the energy E and linear momentum p are expressed as, E = pc consid-
ering the rest mass of photon is zero. The angular momentum about the rotation axis of observer
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can be expressed as(Dubey and Sen, 2015), L = pr sinθ sinφ . So the value of
kφ
k0
is r sinφ sinθ .
So from Eqn. 35 it can be written:
ν ′

 1+ r sinθ sinφ Ωc√
[1− Ω2r2
c2
(1+ sinθ cosφ)− Ω2r2
c2
sinθ sinφ ]+2Ω
2r2
c2
sin2 θ

= ν (37)
The redshift, Z is generally defined by the relation. Z = ν
′
ν −1. So the redshift as estimated by a
rotating observer will be given by:
Z =
ν ′
ν
−1=
√
[1− Ω2r2
c2
(1+ sinθ cosφ)− Ω2r2
c2
sinθ sinφ ]+2Ω
2r2
c2
sin2 θ
1+ r sinθ sinφ Ω
c
−1 (38)
Now when ν
′
ν < 1 then we call it redshift and when
ν ′
ν > 1 we call it blueshift. From Eqn.38
one can observe that for equatorial plane there will be no shift of wavelength when the azimuthal
position (φ) is zero, but the shift will be extremum at φ = pi
2
(dusk side) and φ = −pi
2
(dawn
side). We know for earth Ωearth is 7.27×10−5 rad/sec and the average radius of earth is rearth is
63.78×105 m. Therefore, the redshift values under different conditions will be : Zearth,φ= pi2 ,θ= pi2 ≃
−1.604429× 10−6, i.e. redshift occurs here at dusk. Again for the azimuthal position φ = −pi
2
(i.e. at dawn )on the equatorial plane of earth, Z will be Zearth,φ=− pi2 ,θ= pi2 ≃ 1.604436× 10
−6
which shows a blueshift. Now if we vary the polar position of the observer then at both the poles
there will be no shift of the wavelength of the received light. Again from Eqn. (38) one can find
that for both cases when either θ or φ becomes zero the value of Z will become zero. From our
above discussion it is clear that the redshift attains extremum value when θ = pi
2
and φ = −pi
2
or
pi
2
. Moreover it can be said that redshift is maximum at φ = pi
2
,θ = pi
2
and blushift is maximum at
φ =−pi
2
,θ = pi
2
.
Let us consider a light ray consisting of Lyman−α line which has frequency, νLy−α = 2.47×
1015Hz (λLy−α = 1215.673123
◦
A) and is emitted from some distance inertial frame. Now, at
dawn (φ = −pi
2
) the received frequency of Ly− α will be ν ′− pi2 = 2.470004× 10
15Hz (λ ′− pi2 =
1215.671178
◦
A), again at dusk (φ = pi
2
) the received frequency of Ly−α will be ν ′pi
2
= 2.46999×
1015Hz (λ ′pi
2
= 1215.675068
◦
A). But there will be no shift at mid-noon (φ = 0). Thus we see the
difference in the third place after decimal when wavelength is expressed in Angstroms. A present
day high resolution astronomical spectrometer can resolve spectral lines with milli-Angstroms res-
olutions. So in principle one can verify the predictions of our analysis on the redshift calculations
.
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A. Relativistic Doppler Shift for rotating frame
As in the case for rotating observer, it is clear that the observer is either moving towards the
source or away from the source, so this causes a relativistic Doppler effect. In this present work
let us consider the observer is on the rotating frame which receives a light ray with wavelength
λ ′Dop from a distance source which initially emits a light ray with wavelength λDop. The two
wavelengths are related by the relation in case of relativistic Doppler effect (Born and Wolf, 2013):
λDop
λ ′Dop
= γ(1−β ) (39)
where β = v
c
, v is the translational velocity of the observer parallel to x1-axis. Here as the observer
is sitting on the rotating frame of radius r and the polar and azimuthal positions are given by θ and
φ respectively, the velocity will be γ2Ωr sinθ cosφ . We note that γ is the Lorentz factor and Ω is
the angular velocity of the rotating frame. So the β is given by the relation β = γ2 Ωr
c
sinθ cosφ .
The redshift related to the relativistic Doppler effect is:
ZDop =
λ ′Dop
λDop
−1= 1
γ(1− γ2Ωr
c
sinθ cosφ)
−1 (40)
A simple mathematical analysis will show that, the results obtained in Eqn.37 and Eqn.39 are
essentially the same.
The Eqn.37 was obtained through a rigorous procedure involving metric for non-inertial ac-
celerated (rotational) frame. These results for the relativistic redshift are same as the Doppler
redshift derived considering the rotational frame. Thus the redshift effect for the rotational frame
is equivalent to the relativistic redshift caused by the translational motion of the observer.
V. CONCLUSION
In this paper, we studied the change in the polarization vector of light, coming from a distant
inertial source and as viewed by a non-inertial observer sitting on a rotating frame. The amount of
rotation primarily depends on the four variables, i.e. (r, θ , φ ) coordinate of the rotating observer,
and the rate of rotation Ω, of the coordinate frame. The maximum change of polarization vector
can be observed, if the position of the observer is on the equatorial plane and the azimuthal posi-
tion is ±pi
2
on the rotating frame. As an extension of the present work, the earth has been taken as
an example of a rotating frame where the observer is on the surface of the earth and the maximum
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change in the direction of polarization vector, occurs at latitude 0◦ (θ = 90◦), and longitude±90◦.
This maximum value is χearth,θ=φ= pi2
= 0.33 arc-sec. Again if we consider that the rotating axis
of the frame is along the direction of propagation of light, then there will be no change in the
direction of the polarization vector.
In the present paper, we also report the amount of the redshift as observed an observer on a
rotating frame. It has been shown that there will be redshift in dusk (prograde) case and will be
blueshift for the dawn (retrograde) case (i.e. maximum redshift at azimuthal position φ = pi
2
on
the equatorial plane and maximum blueshift at azimuthal position φ =−pi
2
). We calculate the red
shifted and blue shifted values of wavelength taking Lyman -alpha line as a test case. It is also
shown that results from our calculations considering metric tensors for an accelerated (rotational)
frame, come out to be same as the one which can be obtained considering the expression for
relativistic Doppler shift.
From above discussion, it is clear that both the changes in the direction of polarization vector
(χ) and redshift (Z) are maximum at the azimuthal position, φ = pi
2
and polar position, θ = pi
2
.
Both χ and Z become zero when either one of the coordinates φ and θ becomes zero or 180◦.
Again one must notice that the value of χ and Z in the azimuthal positions pi
2
and −pi
2
have the
same mod value but with opposite sign.
ACKNOWLEDGMENTS
The authors would like to thank Dr. Atri Deshmukhya, Head of the Department of Physics,
Assam University, Silchar, India for useful discussions and suggestions. T.Ghosh is also thankful
to Dr. Anuj Kumar Dubey, and Amritaksha Kar Department of Physics and Hirak Chatterjee
Department of Chemistry, Assam University, for providing help and support in programming and
making plots.
REFERENCES
Adams, Walter S (1925), “The relativity displacement of the spectral lines in the companion of sirius,”
Proceedings of the National Academy of Sciences 11 (7), 382–387.
17
Alsing, Paul M, and Peter W Milonni (2004), “Simplified derivation of the hawking–unruh temperature for
an accelerated observer in vacuum,” American Journal of Physics 72 (12), 1524–1529.
Balazs, NL (1958), “Effect of a gravitational field, due to a rotating body, on the plane of polarization of an
electromagnetic wave,” Physical Review 110 (1), 236.
Born, Max, and EmilWolf (2013), Principles of optics: electromagnetic theory of propagation, interference
and diffraction of light.
Carroll, Sean M (2004), “Spacetime and geometry. an introduction to general relativity,” Spacetime and
geometry/Sean Carroll. San Francisco, CA, USA: Addison Wesley, ISBN 0-8053-8732-3, 2004, XIV+
513 pp..
Castillo, Torres del GF, and Pe´rez CI Sa´nchez (2006), “Uniformly accelerated observers in special relativ-
ity,” Revista mexicana de fı´sica 52 (1), 70–73.
Dubey, Anuj Kumar, and Asoke Kumar Sen (2015), “An analysis of gravitational redshift from rotating
body,” International Journal of Theoretical Physics 54 (7), 2398–2417.
Dyson, Frank (1921), “Relativity and the eclipse observations of may, 1919,” Nature 106, 786–787.
Eddington, Arthur Stanley (1919), “The total eclipse of 1919 may 29 and the influence of gravitation on
light,” The Observatory 42, 119–122.
Freden, Stanley C, and R. Stephen White (1959), “Protons in the earth’s magnetic field,”
Phys. Rev. Lett. 3, 9–11.
Friedman, Yaakov, and Tzvi Scarr (2013), “Spacetime transformations from a uniformly accelerated
frame,” Physica Scripta 87 (5), 055004.
Ghosh, Tanay, and A K Sen (2016), “The effect of gravitation on the polarization state of a light ray,” The
Astrophysical Journal 833 (1), 82.
Krisher, Timothy P, David D. Morabito, and John D. Anderson (1993), “The galileo solar redshift experi-
ment,” Phys. Rev. Lett. 70, 2213–2216.
Landau, Lev Davidovich, and Evgenii Mikhailovich Lifshitz (1971), “The classical theory of fields,” Perg-
amon.
Mashhoon, Bahram (1990), “The hypothesis of locality in relativistic physics,” Physics Letters A 145 (4),
147–153.
Misner, Charles W, Kip S Thorne, and John Archibald Wheeler (2017), Gravitation (Princeton University
Press).
Nelson, Robert A (1987), “Generalized lorentz transformation for an accelerated, rotating frame of refer-
18
ence,” Journal of mathematical physics 28 (10), 2379–2383.
Rindler, W (1960), “Hyperbolic motion in curved space time,” Physical Review 119 (6), 2082.
Rindler, Wolfgang (2012), Essential relativity: special, general, and cosmological (Springer Science &
Business Media).
Roy, Saswati, and A K Sen (2015), “Trajectory of a light ray in kerr field: A material medium approach,”
Astrophysics and Space Science 360 (1), 23.
Scarr, Tzvi, and Yaakov Friedman (2016), “Solutions for uniform acceleration in general relativity,” General
Relativity and Gravitation 48 (5), 65.
Sen, A K (2010), “A more exact expression for the gravitational deflection of light, derived using material
medium approach,” Astrophysics 53 (4), 560–569.
Sereno, Mauro (2004), “Gravitational faraday rotation in a weak gravitational field,” Physical Review D
69 (8), 087501.
Snider, J L (1972), “New measurement of the solar gravitational red shift,” Phys. Rev. Lett. 28, 853–856.
Stephani, Hans (2004), “Relativity,” Relativity, by Hans Stephani, Cambridge, UK: Cambridge University
Press, 2004.
Su, FS, and R.L. Mallett (1980), “The effect of the Kerr metric on the plane of polarization of an electro-
magnetic wave,” Astrophysical Journal 238, 1111–1125.
Vilenkin, Alexander (1984), “Cosmic strings as gravitational lenses,” The Astrophysical Journal 282, L51–
L53.
Von Klu¨ber, H (1960), “The determination of einstein’s light-deflection in the gravitational field of the sun,”
Vistas in astronomy 3, 47–77.
19
